SYSTEM AND METHOD FOR RECORDING AND REPLAYING 
PROPERTY CHANGES ON GRAPHIC ELEMENTS IN A COMPUTER 

ENVIRONMENT 

CROSS REFERENCE TO RELATED APPLICATION 

[001] The present application is a continuation-in-part of U.S. patent 

application serial no. 10/053,075, filed January 18, 2002, which is a continuation-in- 
part of U.S. patent application serial no. 09/880,397, filed June 12, 2001, which in 
turn is a continuation-in-part qfiU.S. patent application serial no. 09/785,049, filed 
Feb. 15, 2001 , for which priority is claimed. The entireties of the prior applications 
are incorporated herein by reference. 

FIELD OF THE INVENTION . 

[002] The invention relates generally to computer systems, and more 

particularly to a system and method of recording and replaying events in a computer 
environment. 

BACKGROUND OF THE INVENTION 

[003] Animation is the creation of media using picture files, e.g., jpeg, .tiff, 

etc., where these files are organized according to set numbers of frames which 
represent set periods of time, typically 24, 25 or 30 frames per second. In addition; 
these files are organized according to layers, each new layer being progressively 
higher than the one before. Various animation programs have been developed for the 
personal computer over the last decade or so and they all utilize frames and layers to 
some extent. " ? ■ . 

[004] Automation has been used extensively in the entertainment industry, 

notably, the audio industry for over 20 years: The most popular use of automation is 



the recording and playing back of moves made with various devices on recording 
consoles. The most popular devices to automate are faders and switches, but knobs 
have, also been automated on many different types of recording consoles. Automation 
for recording and playing back audio migrated to the personal computer nearly two 
decades ago and many companies have offered versions of software that can automate 
graphic devices, and physical devices that exist outside the computer as stand alone 
control surfaces. Automation is also used in video production consoles and film and 
post production consoles. A common thread among automation systems is the ability 
to record and play back moves made on devices that are controlling something. In the 
case of entertainment consoles, that something is always some type of media. 
[005] Automation has been used also in industry. Examples would be 

controlling pressure valve or flow valves in processing plants. These automation 
system are quite complex, but they still perform the function of recording and playing 
back moves made on devices. 

[006] A wide variety of animation and automation systems have existed for 

over two decades in computers. 

SUMMARY OF THE INVENTION 

[007] A system and method for recording and replaying graphic elements in a 

computer environment provides a user with the ability to record his/her interactions 
with controls in the computer environment. and then to replay these interactions. Both 
graphical and functional information are recorded for all objects in the computer 
environment such that, during replay, the recorded graphic elements are actually 
being interacted with in the exact same manner as during the time when the graphic 
elements were being recorded. 

[008] Other aspects ancf advantages of the present invention will become 

apparent from the following detailed description, taken in conjunction with the 
accompanying drawings, illustrated by way of example of the principles of the 
invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[009] Figure 1 shows a diagram of the Drawmation architecture. 

[010] • Figure 2 illustrates how Drawmation preserves the relationship between 

objects. 

[Oi l] ; Figure 3 illustrates the use of animation to demonstrate the relationship 
between objects. 

[012], Figure 4 illustrates a series of images that are played one after the other 
to create an animation. . 



[013] 


Figure 5 illustrates how Drawmation records change state of a red star. 


[014] 


Figure 6 illustrates the various concepts surrounding the Replay Cycle. 


[015] 


Figure 7 illustrates a mouse press flowchart. 


[016] 


Figure 8 illustrates a mouse move flowchart. ' 


10171 


Figure 9 illustrates a mouse release flowchart. 


[018] 


Figure 10 illustrates a replay diagram. . 


[019] 


Figure 1 1 illustrates a start replay flowchart. 


[020] 


Figure 12 illustrates ^ normal replay flowchart. 


|021| 


^Figure 13 illustrates a fast forward replay flowchart. 


[022] 


Figure 14 illustrates a rewind replay flowchart. 


[023] 


Figure ,15 illustrates a placing the cursor flowchart. - 


1024] 


Figure 16 illustrates a make cache flowchart. 


[025] 


Figure 1 7 illustrates how the dimensions change when setting the DM 


geometry of a cropped picture. 


[026] 


Figures 1 8a- 1 8c illustrate looping play bar segments in a Drawmation 


session. 




[027] 


. Figure 1 9 illustrates a flowchart for creating a film. 


[028] 


Figure 20 illustrates the creation of a film using the blue "sequence" 


arrow. 




[029] 


Figure 21 illustrates a flowchart for cropping pictures. 


[030] 


Figure 22 illustrates a flowchart for loop recognition. 



DETAILED DESCRIPTION 



[031] A system for recording and replaying graphic elements in a computer 

environment (referred to herein as "Drawmation") in accordance with an embodiment 
of the invention provides a user with the ability to record his/her interactions with 
controls in the NBOR Environment. Drawmation records both graphical and 
functional information for all objects in Blackspace. 
Terminology 
User Interface 

[032] The user interface is the top most software layer responsible for 

transferring information to and from the user. The Blackspace Desktop (Primary 
Blackspace) is the main user interface. 
Context 

[033] A context is the implementation of a group of functionally related tasks. 

A context abstracts these tasks so that the other contexts are unaware and do not care 

about how the task in question is implemented. For example, a context that controls 

the air conditioning in a building will delegate the actual tasks of heating and cooling 

to the building's existing systems and act as a proxy on behalf of those systems. On 

the other hand, a mixing desk context may actually provide the sound processing 

elements, as well as controlling them (e.g. the Sound Context). 

[034] Contexts also interface to the outside world. For example, the Sound 

Context interfaces to the sound card, the GUI (which is also a context) interfaces to 

the video hardware. 

The NBOR Environment 

[035] The environment in which the contexts and the user interface operate is 

a combination of native operating system(s) facilities, standard networking protocols 
and 'glue' to enable all the components to work together. 
A Context Message 

[036] A context message is an autonomous entity in the NBOR environment. 

It has a lifecycle just like any other object. Unlike a standard protocol packet, the 
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message object contains functionality as well as information. This functionality 
includes: . 

i. House keeping operations used by the environment 

ii. Stream to XML for transmission between NBOR environments 

iii. Construct from XML on reception from another NBOR environment 
Sessions 

[037] The Current Session is the Drawmation Session that the user has 

selected for editing. A Loaded Session has been loaded into memory from a session 
file stored on the computer's hard disk. 
Drawmation Architecture 

[038] Figure 1 shows a diagram of the Drawmation architecture. Drawmation 

functionality is performed primarily in the Record Context 22. A smaller component 
of Drawmation resides in the GUI 23; the Drawmation Manager 24. Drawmation also 
receives interrupts directly form the Sound Context 25 and the Operating System. 
[039]' . Although Drawmation can be used for any control in the NBOR 
environment, it is typically used in conjunction with controls in the GUL In order to 
simplify this disclosure, no reference is made to controls in contexts other than the 
GUI but the principles of operation remain the same for all contexts. 
[040] A logical boundary groups functionally related areas of the system. A 

thread boundary defines the extent of a separate thread of execution. Threads are 
supported and managed directly by the operating system. All threads within a process 
have access to the same address space in memory. This means that they can share the 
same code and data. 
Record Context 

[041] The Record Context 22 lies at the heart of Drawmation. It provides all 

the functionality to record and replay context messages in an orderly and timely 
manner. These context messages contain information about the properties of controls 
in the GUI 23, either a snapshot of the control's state or a change in property as a 
direct result of user interaction with the control - 
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Context Manager 

[042] The Context Manager 26 controls every aspect of Drawmation. It 

manages all the Drawmation data, stored in a session, and performs all the necessary 
functions to record, edit, save and restore that data. The Context Manager 26 
implements the state machine that governs the operation of Drawmation. This state 
machine determines when and how Drawmation can be used. For example, 
Drawmation data cannot be edited while a session is being replayed. The Context 
Manager enforces this rule. 

[043] The Context Manager creates two software objects to replay 

Drawmation data, the Replayer 27 and the Simple Replayer 28. A third object, the 
Replay Timeout 29, is created to supply the players with timing information. The 
Context Manager 26 controls the operation of these players, including the scheduling 
of which sessions to play and when. 

. [044] The Context Manager 26 delegates some tasks to the Drawmation 

Manager 24 that resides in the GUI 23 but it still maintains overall responsibility for 
Drawmation. If the GUI were not provided, Drawmation would still be available to 
the other, contexts. 
Replayer 

[045] The Replayer 27 is responsible for replay of the Current Session. The 

Replayer is able to play forwards and backwards through the Current Session. The 
Replayer may play forwards through the Current Session at normal playback speeds 
or at high speed. The Replayer rewinds through the Current Session at high speed. 
Simple Replayer 

[046] The Simple Replayer 28 has the capability to play multiple Loaded 

Sessions. The start times of these sessions may be offset, with respect to one another, 
according to when the user requests replay for each session. The Simple Replayer can 
only play forwards through sessions at normal speeds. 
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Replay Timeout 

[047] The Replay Timeout 29 maintains time on behalf of the Replay er and 

Simple Replayer. The Replay Timeout may be driven directly by the Sound Context 
(if there is audio data to play) or by a timer provided by the operating system. 
[048] The operating system timer is configured to generate a regular interrupt. 

On receipt of this interrupt, the Replay Timeout 29 determines the elapsed time since 
the last timeout and then. requests the players to replay data for this interval. 
[049] If the Replay Timeout 29 is configured to use timing information from 

the Sound Context where the Player 32 is running in a separate executable, the Repay 
Timeout is driven directly by the Context Manager 26 in the Sound Context 25. If the 
Player is running in the same executable as the Replay Timeout, the Replay Timeout 
is driven from the Operating System interrupt but. obtains timing information by 
reading the sample clock on the sound card via the Context Manager in the Sound 
Context. In this way priority can always be given to the Player. (See the Sound 
Context section below for further information.) 

[050] . The Replay Timeout 29 scales the elapsed time according to the user 

selectable replay speed (default xl). . 

Session 

[051]* A Session 30 is all the recorded data for a group of controls. The Session 

content is ordered on a 'per-controf basis. The data for each control is also in time 
order. When the user selects a Session, the Context Manager 26 loads it into memory. 
The Session is read and written by the Context manager. It is read by the players. 
GUI 

[052] The GUI is the thread responsible for all graphics related operations. 

This is the users primary interface to the NBOR environment. 

Canvas 

[053] / The Canvas 31 manages the graphical display. Controls are rendered on 
its display surface (Blackspace). The Canvas delegates user input, such a mouse 
events and keystrokes, to controls. In turn the controls perform some function in 



response to this input, which may result in a change in their graphical appearance, 
Controls report any changes in state to the Context Manager. 
Context Manager 

[054] The Context Manager 26 provides the interface between the GUI 23 and 

the NBOR environment. The Context Manager translates synchronous notifications of 
property changes on controls in the canvas into asynchronous messages for delivery 
to other contexts. 

[055] The Context. Manager receives messages from other contexts and either 

performs the request directly or passed that request onto the intended recipient. 
Drawmation Manager 

[056] The Drawmation Manager 24 performs operations on behalf of the 

Record Context 22. It is an extension of the Context Manager functionality 
specifically for Drawmation. It constructs Drawmation specific messages and 
manages a cut down version of the Drawmation state machine. . 
Sound Context 

[057] The Sound Context 25 provides audio facilities in the NBOR 

environment. 

Context Manager 

[058] The Context Manager 26 controls the Player 32, It is responsible for . 

configuring the sound-processing network, in response to User requests received from 
Blackspace. The Context Manager 26 either runs within the main application or in a 
separate application. 
Player 

[059] The Player 32 is a separate thread that drives the sound hardware. The. 

Context Manager controls the Player. The Player reads data from disk, performs any 
required processing on that data and writes the results to the sound hardware. 
[060] The Player 32 also maintains a sound clock, which keeps track of time 

by reading the number of samples played by the sound hardware since replay started 
and dividing this by the sample clock frequency. The Player also maintains a sample 
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offset, for use when replay starts later than time zero. The User selects the replay start 
time by clicking or dragging the play cursor on the timeline. 
Operating System 

[061] The Operating System provides a layer of abstraction between 

applications and the computer's hardware. It provides system wide services to all 
applications. Drawmation uses the Operating System to provide timing information 
for use during recording and replay. - 
Using Drawmation 

[062] Drawmation records both the graphical information about every 

object in Blackspace as well as recording functional data and/or operational data 
associated with each of these objects. As an example, Drawmation records and 
plays back information for the following: . 

• The creation of graphic objects and devices, which are referred to as 
controls. . 

• The object definitions for these controls. 

• The actions caused by operating these controls. 

• Contexts Links and associations pertaining to these controls. 
[063] . Drawmation records and replays (plays back) the drawing of any 

recognized object or the creation of any device, for example a switch, e.g., by using 

Object Points (see pending U.S. patent application serial no. 10/103,680, which is 

incorporated herein by reference). Drawmation records and replays physical 

positional changes for each of the objects in Blackspace. For instance, a star or a 

fader could be at certain X and Y coordinates in Blackspace and then be moved to a 

new set of coordinates. Drawmation records physical state changes for each of the 

objects in Blackspace. For instance an object could be visible for a period of time and 

then become invisible. 

[064] Drawmation records and replays actions that are caused by controls. For 

instance, if a green triangle has a document assigned to it, the touching of the green 
triangle causes the document to appear onscreen. Drawmation records and replays 
the touching of the object and the resulting action. 

[065] Drawmation records arid replays actions that are caused according to 

certain contexts and links. For instance, if a red "control" arrow is drawn from a 



fader to another fader, the first fader will be control the second. But if that same red 
arrow is drawn from a VDACC to another VDACC and then text is typing into the 
first VDACC, that text will automatically wrap when to the second VDACC when it 
hits the bottom of the first VDACC. This is a different context for the same action 
"control" of the same device, a red arrow. 

What are some of the specific things that Drawmation records and plays back? 
[066] Drawmation itself has the capability to record any property on a control 

in Blackspace. The framework is there to support recording any property. 
[067] Drawmation records at least the following properties: border color, 

geometry and position, value changes, e.g., moving a fader cap or turning a knob, 
location, it records the association of objects, e.g., who is the parent and who is the 
child with regards to VDACCs and IVDACCs and the objects in their graphic linkers, 
so it records the relationship of one object to another. Being a parent or the object that 
owns another object is recorded as just another property of that object. Animation 
doesn't know anything about this. Objects are pictures assigned to frames and they 
have no relationship to one another as functional objects. 

[068] Clipping is another property that is recorded in Drawmation as part of an 

object. Drawmation records the object's definition and any changes to that definition. 
Drawmation records all changes to the properties of objects in Blackspace. 
Drawmation doesn't make any distinction between these properties. It just records 
them and plays them back. 

[069] Regarding context, Drawmation saves linkers. The relationship of one 

object to another is saved as a separate object by Drawmation. Accordingly, 
Drawmation saves linkers as a separate object. Drawmation records changes in both 
the source and the target objects. 

[070] So the linker is just another object which can be recorded in 

Drawmation. The linker is a completely separate entity which is recorded in 
Drawmation. For example a VDACC contains a number of objects, but it doesn't 
really own them. They are owned by the graphic linker of that VDACC and that 
graphic linker can be controlled by Drawmation. 
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[071] This linker lives in the GUI. Drawmation monitors the state of the GUI 

to keep track of what ? s new, what's not, what's available for recording and what's not 
available. It keeps a running record of everything that happens on any object that it 
can record information for. 

[072] In Blackspace, there are objects and there are relationships between 

objects. The relationship is a valid entity in its own right and it can be recorded and 
replayed with Drawmation. 

[073] Drawmation also records things like scrolling, scaling, e.g., resizing a 

photograph or graphic image in Blackspace. Drawmation records conditions like 
brightness, contrast, hue, saturation, color changes, etc. It records DSP like 
equalization, echo, panning, compression, delay, etc. , 
[074] Drawmation records Z-levels, the layer of an object, and it records any 

changes in the Z-level of objects. 

[075] Drawmation records the parent/child relationships of objects. For 

instance, if a user drags a number of objects into a VDACC and then moves that 
VDACC, Drawmation records the movement of the VDACC and all of the items 
contained within moving along with it and repiays this all back exactly as it was 
moved in Blackspace by a user. " < 

[076] Drawmation records assignments and the operation of objects that have 

assignments to them. If there exists a relationship like a control group (an 
assignment), that's an association/ For instance, if you assign a group of objects to a 
star object, these objects are not physically contained by the star. If you move the 
star around you don't move the items that have been placed inside the star. They stay 
where they originally were when they were assigned to the star in the first place. In 
this case, the star moves, but the objects assigned to it do not move. The nature of an 
assignment is not to cause the assigned objects to be contained by the object they are 
assigned to, in the sense that the moving of that object moves the objects assigned to 



Drawmation allows its users to manipulate real objects. 

[077] Blackspace objects are operable by a user. This is in sharp contrast to an 

animation system where there exists only representations of objects, e.g., pictures of 
an object. 

[078] With Drawmation for example, you're manipulating real faders and real 

switches and folders, and operational devices. With animation you're manipulating * 
photographs of devices. You can't operate the devices because they are just images. 
Animation is a purely visual experience. 

[079] What's the definition of real object? These are real objects within the 

context of Blackspace. When you Drawmate a switch, it's a real switch! It's a real 
Blackspace switch. If you are trying to animate something, it's not a real anything. 
It's just a set of pixels. You can't click on it and have some underlying function be 
performed. 

[080] Animation is a purely visual tool (maybe with audio accompanying it). 

All that is being created is a visual experience that is viewed by a user with or without 
a soundtrack or narration. . 
[081] With Drawmation the approach is much more closely aligned to 

automation. You not only get a visual appearance and effects for the benefit of the 
user, but you cart also record physical changes on devices and have those devices 
hooked up to any sort of network or control anything that can be controlled by a 
computer. 

[082] There is no limit to what these devices can control because they are real 

devices. There is no way of doing this in animation. 

[083] Drawmation offers an automated control surface. Drawmation doesn't 

really compete with animation, rather it is significantly expanding the scope of 
automation. Drawmation is not restricted to automating just value changes. It can be 
used to automate a whole range of properties for devices. 
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Drawmation is operated on a global drawing surface. 

[084] Drawmation is simply another tool available to the user in Blackspace. 

Therefore, the user is able to take any of the objects in Blackspace (Primary 
Blackspace desktop) and start manipulating them in Drawmation. 
[085] Drawmation is there to be used immediately without requiring a user to 

learn a new interface, or needing to learn a new tool or a different mind set, because it 
simply records and replays what a user is already doing. 

[086] When a user Drawmates a move on a fader it will play back the way that 

the user moved the fader's cap up and/or down. If the fader is moved from one 
location to another, as a graphic object, there is no learning curve, because 
Drawmation records the utilizations and manipulation of objects on a user's desktop 
(Blackspace) which is the normal working environment of the user. 
Drawmation is seamlessly integrated into the Blackspace environment 
[087] Drawmation is a Blackspace tool that is available just like any other tool 

in Blackspace. What the user is given to manipulate and operate Drawmation with are 
the same objects that the other tools in Blackspace use. 

[088] When a user wants to Drawmate a piece of text, it's that piece of text 

that the user Drawmates. The user does not have to go and take pictures of that piece 
of text. The user do not have to go and render that piece of text in a different tool. 
The user just uses that piece of text directly in the environment in which the user is 
working right now, namely, Blackspace. 

[089] There is no need for a user to leave his/her current work environment to 

make use of the Drawmation tool. - . : 

Drawmation is one of many tools that are globally available in Blackspace. 
[090] Blackspace is a collection of tools that are available for the user to make 

use of however the user sees fit. Drawmation is one of these tools. Blackspace 
places minimal constraints on its tools and Drawmation is no exception. Drawmation 
simply records and replays what exists in Blackspace, e.g., the ability to create and 
program controls (objects and devices) and to perform functions with these controls. 
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[091] Drawmation can be used to record and replay controls for any purpose. 

For instance, if someone wanted to integrate an air-conditioning unit, for example, 
Drawmation could be used to record changes in the air-conditioning controls. If a 
user wanted to record the button presses and fader moves for operating a piece of 
computerized machinery, Drawmation can record all of these events and play them 
back perfectly. 

[092] As far as the record context in Blackspace is concerned the GUI is just 

another context that has objects in it that can be recorded and played back. 
Drawmation does not distinguish between any of the objects in Blackspace, as if to 
say, "this is a graphical object or this is a real physical device." If it's something that 
has property changes a user can employ Drawmation to record it and replay it. 
[093] There's no real ownership of property changes in Blackspace. An object 

has what we would term a "state," which is at any point in time the values of all the 
properties for that object. For instance, consider a Blackspace fader. It has a 
location, it is set to a value, etc. These factors represent the state of this object at any 
pbint in time. Drawmation is able to say "OK at this point in time the state of this 
object should be this and I will record these properties as they change." The record 
context is able to replay.them. back upon demand in a timely and orderly manner. 
Drawmation is effectively infinitely layered. 

[094] There are no constraints on how many data streams you can have 

running in parallel. The limiting factor is the memory and the speed of the processor 
in a user's computer. But there is nothing in the structure of Drawmation that says 
you can only have a certain number of controls at one time. . . 

[095] How is this infinitely layered system supported in Drawmation? Each 

control or object in the GUI has its own chain of history, has its own private history 
of the events that are being recorded for that control. And then there's a container 
that reads through those histories together as a Drawmation. 
[096] These histories are managed on behalf of the objects in the GUI. They 

are completely separate. Because there's no real constraints on who or what creates 
the object that Drawmation can record! These objects don't have to be GUI based. 
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They could be objects that are owned by a sound player or objects that are owned by 
an air-conditioning system. 

Users can start from an entirely blank canvas (drawing surface) and use 
Drawmation to record the creation of controls and then the operation of these 
controls. 

[097] Computer programs have bcmndaries and their applications do not 

extend beyond those boundaries. Blackspace encompasses all of the user's working 
environment: There is no way to leave Blackspace to do one's work. All work 
happens in Blackspace. 

[098] vBlackspace is essentially a free form environment in which to work. 
Blackspace is like a blank sheet of paper. Largely unlimited by the constraints or 
rules and regiments imposed by a programmer writing a software program. 
Blackspace is designed to work the way people think, not the way computers 
traditionally constrain them to think. Blackspace brings a flat and static work 
environment to life. It introduces the ability to have dynamic behavior as well as 
static layout both as part of a user' s working environment. 

[099] ; ■. On a blank canvas, animation and automation software can record and 
do nothing. On the same blank canvas Drawmation can record and replay the 
creation of all objects that can be created in Blackspace. From a user's point of 
view' Drawmation can be operated with no apparent structure. It just records and 
plays back what the user does in Blackspace. 

[0100] 1 Drawmation records controls (graphic objects and devices) anywhere on 
a global drawing surface. There are no partitions here where Drawmation cannot 
work. . Literally every pixel on the global drawing surface is Drawmatable (capable of 
being recording and replayed by Drawmation). 

[0101] Drawmation can be used to record and replay the transformation of a 
purely graphical object into a functional object. For instance, a picture exists as a 
purely graphical object. But it can be lassoed and turned into a password (see 
simultaneously filed U.S., patent application .entitled "Method for Creating and Using 
Computer Passwords", which is specifically incorporated by reference herein). Then 



this picture becomes a functional object, an object that causes an action. In this case, 
the picture can be used to lock (password protect) an item or unlock a previously 
password protected item. 

[0102] Drawmation is a tool for programming a user interface. Drawmation 
can be used to record and replay changes in the basic function of a device. For 
instance, a fader could be a volume control for 1 5 seconds and then become a 
brightness control. This could be accomplished by recording and replaying the typing 
of the word "volume" next to a fader and then 1 5 seconds later typing the word 
"brightness" next to the same fader. 
Drawmation versus Animation. 

[0103] Drawmation breaks away from the dependency on frames that animation 
has. Animations are very rigid in structure. Everything happens on particular time 
intervals. Images have a lot of constraints on them when they occur and they are 
subject to a strict layering structure - what row of frames goes on top of what row of 
frames, etc.? 

[0104] In an animation software system, there are lots of dependencies between 
frames. If a user wishes to change something in one frame the user needs to 
understand how this will affect all of the frames before and after it. 
[0105] By completely removing the need for frames and using real objects 
instead of graphic images, users of Drawmation don't have to contend with any of 
these issues that plague animation systems. In Drawmation, if a user wants an image 
to be in a different place at a different time, the user just moves it to a different place 
at a different time. If the user wants an object or device to be in a different state at a 
different time, the user just changes the state of that object or device at that time. So 
from this point of view, Drawmation is virtually infinitely flexible. 
[0106] Animation is the creation and replay of a series of images that illustrate 
the motion of objects. The images do not contain any objects themselves, they are just 
a pictures of how the real objects were rendered at a particular point in time. 
[0107] Drawmation is the recording and replaying of events on objects. On 
replay the user sees a real object and the recorded operations being applied to it. 
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Events are recorded as they occur, so if the object remains static for the duration of 
the recording, there is nothing recorded after it's initial state. 

[0108] Referring to Figure 2, Drawmation preserves the relationship between 
objects. The right fader 2 is a slave to the left fader 1 . This link was created by 
dragging a red "control" arrow .(an arrow that applies the arrow logic, "what the 
arrow is drawn from controls what the arrow is pointing to"), from the left fader and 
then pointing it to the right fader. 

[0109] Let's say a user wants to demonstrate this relationship between the two 
faders. In Drawmation, the user would record: 

[0110] . i. The initial conditions (left fader, right fader, linkage between faders) 
[0111] ii. The value changes on the left fader. 

[0112] The user turns on a DM Rec switch 3 which automatically turns on the 
DM Play switch 4. Then Drawmation starts to both play and record. Note: To 
activate Drawmation for the first time a user can turn on a DM Rec switch, for 
example, by left-clicking on it- When the DM Rec switch turns on, the DM Play 
switch, turns on. To navigate through the Drawmation, two types of timelines are 
available: (1) a Blackspace linear timeline (BTL) 6, and (2) a Play Rectangle timeline 
(PR) 8. On each timeline is a play cursor 7 which moves along each timeline as the 
Drawmation records and later replays its recorded information. The play cursor on 
both timelines will move in sync with the current Drawmation that is either. recording 
■ or replaying. To call forth the linear timeline a switch can be created using Object 
Points and then the letters TL are typed on the switch 9. When this switch is turned 
on, the linear timeline appears. Similarly, creating a PR switch 10 and activating it 
brings the r Play Rectangle to the screen. Any number of BTL and PR timelines can be 
created for a single piece of media. 

[0113] By contrast, if a user wished to use animation to demonstrate the 

relationship between the two faders in the above example, the user would record at 

least the following, images as shown in Figure 3 : 

[0114] i. The image of the first fader in its first position 1 la. 

[0115] ii; The image of the second fader in its first position 1 lb. 



[0116] iii. Multiple images added in between image 1 1 a and image 1 lb, 
depending upon how smooth of a movement is desired in the animated movement of 
this fader image. This is shown as 13a. 

[0117] iv. The image of the first fader in-its second position 12a. 
[0118] v. The image of the second fader in the second position 1 2b. 
[0119] vi. Multiple images added in between image 12a and image 12b, 
depending upon how smooth of a movement is desired in the animated movement of 
this second fader image. This is shown as 1 3b. 

[0120] In addition, not shown in these figures is the parameter number above . 
each fader that shows the position of the fader. In an animation, this number would 
have to be animated with a completely separate group of images for eacli of the 
faders. 

[0121] Drawmation and animation are completely different. Animation is the 
creation and replay of images. Drawmation is the recording of property changes on 
actual objects and functional devices. Animation shows an object being moved, 
altered, changed, etc. Drawmation actually recreates the moving, alteration and 
changes to the object. Furthermore, Drawmation recreate the creating of the object 
and/or device itself. 

[0122] Referring again to Figure 2, item .1 is a functional graphic fader. It can 
be moved and operated. Nothing more is required in order to Drawmate the 
movement or operation of the fader other than turning on the DM Rec switch and . 
moving this fader. Referring to Figure 3, iteml la, this is an. image of a fader. It is 
not a functional device, it is a picture. In animation, the movement of this fader 1 la 
is achieved by showing this image in a different position in subsequent frames 13a. 
The visual appearance of operation is achieved by showing a different image, with the 
fader cap in a different position and the value label reading a different value, for each 
step in value in subsequent frames.: 

[0123] Another way of thinking about the relationship is to consider an object 
that displays images. Drawmation records the image displayed by the picture control. 
If the picture control shows a series of images (an animation for example) the 
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Drawmation records these property changes and can replay them. Therefore, 
Drawmation has encapsulated the animation completely in the Drawmation data for a 
single control. . 
[0124] Effectively, when a user drags an object and records this action in 
Drawmation, this creates a set of instructions which can be replayed to perform that 
operation at some point in the future without any user interaction. All the user has to 
do is hit play and the objects will move without having to touch the mouse any 
further. 

[0125] If one were creating an animation of this same process, all he/she would 
have is a graphical representation and that would not be the same as moving a real 
object. What one gets with Drawmation is the marrying of the visual effects of 
animation with the functional effects of automation into a single environment that is 
completely integrated with Blackspace. 

[0126] Referring to Figure 4, a series of images 13 are played one after the 
other to create an animation. Animation is the creation and replay of a sequence of 
images that reference to fixed time units called frames. The images neither contain 
objects themselves nor can they be operated. 

[0127] Referring to. Figure 5, Drawmation records the initial state 14 of a red 
star. The star is dragged across the screen. The mouse generates "n" movement 
events, each of which moves the star. Drawmation records the position of the star at 
the end of each incremental move, e.g., 15a, 15b and 15c. The user releases the left 
mouse button to complete the drag. Drawmation records the changed state 16 of the 
star. ' 

[0128] Further regarding Figure 5, Drawmation is the recording and replaying 
of events on objects. On replay, the user sees a real object and the recorded operations 
being applied to it. Events are recorded as they occur, so if the object remains static 
for the duration of the recording, there is nothing recorded after it's initial state. 
[0129] What 's different between Drawmation and an automation system in a 
recording console? There are objects in the GUI that only have meaning in the GUI. 
There are other objects in the GUI that have meaning outside of the GUI. For 



example, a VDACC has no purpose outside of the GUI. It's purpose is to provide 
information within the GUI, to provide a tool within the GUI to the user. But if you 
have a fader that is acting as a volume control, not only does it have a visual presence 
in the GUI, it has meaning to another part of the system. 

[0130] Drawmation enables users to record and replay moves/changes made for 
any operable device in Blackspace, e.g., a fader cap, a rotatable knob, an actuatable 
switch, a 5.1 surround panner, etc. But at the same time, the graphic element of each 
of these devices can be independently recorded. Thus a user could have a fader 
appear in location X for a period of time and then appear in location Y. 
[0131] Furthermore, the functionality of devices in Blackspace can be recorded 
and replayed in Drawmation. For instance, a fader could be a volume control for a 
period of time and then become a brightness control and then turn into a pan control 
or color control, etc. 

[0132] In addition , different arrow logics can be applied to this fader over time 
and the application of these arrow logics can be recorded and played back in 
Drawmation. For instance, this same fader could have a "control" arrowlogic applied 
, to it where it is controlling other faders. Then this arrowlogic could be "erased" and a 
"send to" logic could be applied to this fader where it is functioning as a sub-mixer to 
one or more inputs controlled by other faders. The applying of the first arrowlogic, 
the "erasing of it" and the applying of the second arrow logic can be recorded and 
played back in Drawmation. . 
Blackspace Glue. 

[0133] One could also argue that glue is a container. Because when you move 
one object that is glued, all of the other objects glued to it also move. Glue is a 
software object. It is itself a linker. 

[0134] In Blackspace, just about everything in the GUI inherits from a base 
class and has properties that are general across every object. And one of those 
properties is an ID. This is basically a long number unique to each object that 
identifies each object in Blackspace. This ID is common in the art. 
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[0135] Glue itself has an ID number, so it can be used as a separate graphic 
object. 

Drawmation Design 

[0136] Drawmation is the process of recording and replaying property changes 

on controls in Blackspace. 

Definitions 

Controls 

[0137] A "control" is any object or device that can exist in Blackspace. 
Controls are the graphical elements on the Blackspace drawing surface that the user 
manipulates. Graphic objects include stars, rectangles, ellipses and check marks, and 
graphic devices include switches, faders, knobs and joysticks. 
[0138] A control can be anything that has a uniquely identifiable purpose for 
the user in Blackspace. For example, a fader is a control, but the labels, cap and 
groove are not. Instead, they are the components that the control uses to represent 
itself graphically. The purpose of a fader is to contain a value and provide a means by 
which the user can adjust that value. 
NBOR Environment 

[0139] This is the processing architecture that enables controls to be presented 
to the user, to be manipulated by the user, to communicate with one another and to 
communicate with contexts. A control has a lifetime within the NBOR environment. 
[0140] The use of the word "lifetime" refers to when a user creates an object for 
his/her use and then the user deletes it when the user is finished with it. The time in 
between is its lifetime. It exists between its creation and its destruction. 
Application boundary. 

[0141] When you start an application on Windows for example, it has an 
address space that is private to the application, and anything outside of that boundary 
cannot access the memory allocated to the application. Anything inside that . 
application cannot reference memory outside of the boundary. All the controls in 
Blackspace exist within the application boundary. 
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Contexts 

[0142] A context is a processing entity that performs one or more related 
. functions for the benefit of the user. For example, an air conditioning context could 
control the climate in a building. The sound context plays and records audio. The 
contexts are the components of the system that communicate with the outside world. 
The contexts use controls to represent their functionality to the user. . 
[0143] Context implements the rule that governs the behavior of objects in a 
related functional area. Contexts are implemented separate threads of execution and 
operate independently of one another, performing tasks on behalf of the user. 
[0144] Each context is responsible for managing a particular type of interface to 
the outside world. For example, a sound context talks to the sound hardware; the 
GUI talks to the screen. The GUI is also a context because it provides the interface 
to the computer's graphics hardware. 
Communication 

[0145] Communication between contexts, including the GUI, is achieved using 
messages. These messages are delivered to the recipients by the Message Broker. The. 
Message Broker is the software entity that transports messages between contexts and 
notifies contexts of message delivery. The Message Broker is also responsible for all 
housekeeping operations on messages, such as creation and deletion after all contexts 
have acknowledged reading the message. ■ > ■ 

[0146]; Contexts register an interest in a particular type of message with the 
Message Broker. There are a large number of message types sent between contexts to 
control the operation of Blackspace. Create, update, and modify messages contain 
information relating to control properties. Create messages contain sufficient 
information to recreate the control from scratch. Modify messages contain a single 
property change and update messages contain the state of one or more properties. A 
modify message implies that the user has performed an operation on a control. An 
update message is used to identify the state of the control at a specific point in time. 
Drawmation records these messages in the Media Layer. 
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Transactions 

[0147] A transaction is the sequence of events that begins with the user pressing 
a mouse button and ends when the user releases that mouse button. A transaction may 
include intermediate mouse moves. 

[0148] The user pressing a switch or selecting a picture with the mouse and 
dragging it are examples of transactions. In both cases the user's actions begin with a 
mouse button press and end with the release of that mouse button. 
Drawmation Data 

[0149] Storage of Drawmation data and access to this data is modeled on the 
way files are stored and accessed on a hard disk. 

[0150] Drawmation data is comprised of property changes on Blackspace 
controls. For example, the Drawmation data includes the different values generated 
when the user drags a fader cap. Any control in the Blackspace environment can be 
drawmated, with the exception of those controls that change the global behavior of 
Blackspace, such the DM Rec or-RDraw switches. 

[0151] Drawmation does not store the original mouse events because 
Drawmation is not restricted to the recording of property changes on graphical 
controls. By storing the results of user interactions, Drawmation can support multiple 
graphical representations of controls, dependent on the country of use and the 
phy sical constraints of the interface. These implementations may differ in how they 
are operated by the user but the Drawmation data relating to functional properties will 
still be valid. For example, no matter how a fader is represented graphically it will 
always have a value property. . 

[0152] The changes on an individual property can be plotted graphically, with 
time on one axis and the property value on the other. Drawmation provides a 
mechanism to read these points sequentially using the descriptor layer. Drawmation 
provides a mechanism to read these points with respect to time using the generator 
layer. Drawmation provides a mechanism to read blocks of these points using the 
stream layer. 
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Media Layer 

[0153] Drawmation data is stored in the Media Layer. The Media Layer is 
analogous to the audio information stored in a sound file (e.g. files with a .wav file 
extension on Windows) on disk. When a Drawmation session is loaded, all the 
Drawmation data contained in that session is loaded into memory in order to optimize 
the speed of access to the data. 
Data A ccess 

[0154] Access to the Drawmation data is implemented using a layered 
architecture. Each layer builds on the functionality of the layer below it and provides 
additional facilities to the layer above it. 
Descriptor 

[0155] The descriptor layer is responsible for accessing the media layer directly. 
The descriptor layer provides a mechanism for accessing the media layer in an 
orderly manner. 

[0156] The descriptor layer is equivalent to the way that file descriptors, 
provided by the operating system's Application Programming Interface (API), are 
used to access files stored on a hard disk. For example, a file descriptor is opened up 
when a user opens a file on a hard disk. The file descriptor initially points to the first 
entry in the file. Each time data is requested from the file descriptor, it reads data 
from the file sequentially. There is no concept of time in this layer. 
Generator Layer 

[0157] The generator layer uses time to select data to retrieve the data from the 
media layer, using the descriptor layer. This allows Drawmation to retrieve data by 
specifying that the generator should provide all data up to a specified time. 
[0158] Different types of generator layer can be used to provide additional 
filtering or automatically generate events on the fly according to rules specific to that 
type of generator. The default generator simply passes data read from the descriptor 
layer straight through but more sophisticated generators can be used to provide 
additional functionality without affecting the original Drawmation data. 
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[0159] For example, a cross-fade could be recorded as a sequence of value 
changes, or a single cross-fade event could be recorded. A generator that 
implemented cross-fades would automatically generate value property changes on 
retrieving a cross-fade event from the descriptor layer on the fly. 
Stream Layer 

[0160] The stream layer provides the facility to aggregate property changes into 
a single event for a specified time interval (e.g. fast forward or rewind). For example, 
if the media layer contains multiple value changes for a specified time interval, the 
stream layer can filter out all but the last property change. The stream layer is able to 
combine multiple types of property change into a single event, thereby dramatically 
reducing the messaging traffic between the Drawmation replayer and the context that 
owns the control to which this event relates. This facility is used in Fast- Forward and 
Rewind modes. 

[0161] . Note: Fast-Forward and Rewind are the terms used to describe clicking 
on the play cursor and dragging it along a timeline. Dragging later in time is fast 
forward. Dragging earlier in time is rewind; 

[0162] The Stream Layer selects the type of generator to use for subsequent 
data retrieval, based on the data previously retrieved from the media layer. 
Drawmation Session 

[0163] A Drawmation Session is composed of the property changes that are 
associated with one of more controls. These property changes are recorded over a 
known time interval. 

[0164] The Drawmation Session provides access to the media via the Stream 
Layer. The Drawmation Session provides a single composite stream of information 
for use during replay. ■ 

[0165] The individual Drawmation Sessions are saved in separate files on the 
disk. When the user saves a log, references to the currently loaded Drawmation 
Sessions are saved in the log. In addition, the replay speed factor, the replay start time 
and the current replay time are stored in the log, along with the filename and path of 
the session file. 



[0166] The Drawmation file browsers allows the user to navigate through the 
file system to locate the Drawmation Session the user is interested in. Once the 
session has been located, the user can double click on the appropriate entry in the 
browser to load the Drawmation Session. 
[0167] Property Changes 
[0168] . The NBOR architecture is partitioned into the number of contexts. When 
the user adjusts the property of a control in the GUI, the result of that change is 
broadcast to the other contexts. In many cases, a user interaction indirectly affects 
other properties of the selected control and other properties of linked controls. In all 
cases, a single property change is broadcast to the contexts, since all the other 
property changes can be inferred. This reduces the messaging bandwidth and ensures 
that on replay there are no conflicts between controls responding to messages. 
[0169] , If there is a parent/child relationship, property changes on the parent are 
. broadcast. For example, if two objects -are glued, the user cannot drag the glue 
because it has no graphical representation. Instead, the user drags one of the glued 
objects but the drag is performed on the glue, which moves all the controls it 
contains. Drawmation records the property changes relating to glue control. There is 
no need to record the property changes on the glued controls because, on replay, these 
property changes will be automatically regenerated by the glue control. This 
simplifies the replay logic and minimizes the messaging bandwidth. 
[0170] The Property Changes are the Drawmation data. The information is 
stored in the media layer. For example, if a user moves the cap of a fader such that 
on the mouse press the value was fifty and on the mouse release the. fader has 
changed to sixty, the fader has a value property that at the start of the move, was fifty, 
and has a value property at the end of the move, which was sixty. In between, there -is 
one value property change for each mouse movement generated by the underlying 
operating system. Each of the property changes are time stamped, assigned a unique , 
id, and assigned a transaction number. This information is used by Drawmation to 
group property changes together for presentation to the user as the Playbar. 
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Replay Cycle 

[0171] The replay cycle begins when the user starts playback. The replay cycle 
is terminated when either: 

• replay reaches the end of the session and recording is off 

• the user manually stops replay 

• replay has reached the end of the session and the user manually stops 
recording 

This is illustrated in Figure 5: Replay Cycle. 
Figure 6: Replay Cycle Flowchart. 

[0172] This flowchart illustrates the various concepts surrounding the Replay 
Cycle. In Figure 6, the horizontal gray line 17 denotes time. The blue line 18 is the 
current session, which represents the time extent of the current session. Superimposed 
above that are red lines which represent individual record passes. The magenta 
arrows illustrate where the Replay Cycle will begin from and where it will end. For 
example, if the user has placed the play cursor at five seconds, then the Replay Cycle 
start time is five seconds into the Drawmation session. Referring again to Figure 6, 
the user would have pressed Play, then he/she would have turned on (hit) DM Record 
(record) a first time 19a, and then hit record again 19b to turn off Drawmation 
recording. Meanwhile, Drawmation play continues. The user would have hit record ; 
again 20a to punch in (start recording) and hit record again 20b to punch out (stop 
recording). Recording would stop, and play would continue. The third time the user 
hits record 21a, and during that pass, playback would stop because it would have 
reached the end of the current session and recording would continue until the user hit 
the record button again 21b, thereby, both stopping the record pass and terminating the 
Replay Cycle. 

[0173] As a convenience to the user, controls are automatically punched in and 
out, when recording is started and stopped, respectively, during the replay cycle in 
which they are first punched in. This enables the user to create the basic history for 
the control in the current session with just one replay cycle! This rough framework is 
refined and enhanced by the user on subsequent replay cycles. 
[0174] If a user draws a red star on the screen and then turned on the DM Play 
switch (hits Play) and then hits Record, that star will be punched in. If the user 



follows the same sequences of punching in and out as shown in Figure 6, then the 
user will end up with three Playbars or three portions of the session where the star 
was punched in and therefore is recorded to be visible for the times that equal the 
punch in times. On all subsequent replay cycles, the control will only be punched in if 
explicitly requested by the user. This is most commonly achieved by pressing the left 
mouse button while the mouse is hovering over the required control. 
[0175] If a user left-clicks on the DM Rec switch (hits record), that will turn on 
Drawmation recording, but only if the user touch down the mouse and click on the 
control itself will Drawmation start to record additional data for that control, namely, 
to superimpose it on what's been previously recorded. This additional recording can 
add to what's been previously recorded or it can replace it. In the case of devices, it 
can modify the recorded operation of those devices. 
A Record Pass 

[0176] A record pass encapsulates everything that is recorded during a single 
start recording/stop recording cycle. There can be multiple record passes during a 
replay cycle. ; 

[0177] A record pass is the sequence of operations that occur between the user 
enabling recording and disabling recording. This is most commonly seen by hitting 
the DM Rec switch once to turn on recording and subsequently pressing it again to 
turn recording off. Figure 6 describes the sequence of events that occur at the point in 
time the user starts recording. Figure 6 describes what happens in response to the 
DM Rec button being pressed (hit). 

[0178] The first thing that happens after hitting record is that the software 
builds a list of objects not recorded on that replay pass. .-. For example, if a user draws 
a red star then hits DM Rec, that is the control that would be added into this list. 
[0179] Figure 6 shows the software iterating through the list of objects, taking a 
snapshot of the state of each control in turn. These actions take place in response to 
the user turning on the DM Rec switch. Conceptually, these actions are all happening 
instantaneously. In practice this cannot be instantaneous, but all the Drawmation data 
recorded at this time has the same timestamp. 
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[0180] What the software does, is take the first, object off the list, then it says, 
"have I recorded this before?" If it has, then it decides to take an update of that 
object. 

[0181] At any given instant in time the star has a geometry, a color, a position 
and any other attributes Drawmation deems valid to record. 

[0182] Turning on DM Rec doesn't record anything for an object until a user 
operates that object. That "operation" could be moving it, changing its color, rotating 
it, hiding it, or even deleting it. Drawmation obtains an update or create message for 
each object on the list. This happens when a user first presses the DM Rec button, 
even before a mouse is moved. This is all in an instant in time. 
[0183] Back to the example just cited, Drawmation has previously recorded 
data for a red star and the User starts recording again. The user moves the star. On the 
down click, the current state of the object is saved in an update message. Subsequent 
moves are recorded in modify messages. On the mouse release, the final state of the 
object is recorded in another update message. 
Figure 7: Mouse Press flowchart 

[0184] This is a flowchart for handling mouse presses on a control. The user 
down-clicks with a left mouse button and the GUI looks to see if that mouse position 
corresponds with anything. If it doesn't find anything underneath the mouse, it 
examines the Draw Mode or Text Mode to see if it needs to create a new object or 
not. If it doesn't need to create a new object, then there is no further action to take. If 
it does need to create a new object, then the GUI creates the new object and the 
creation of that object is recorded. If the user clicked on a real object, clicked on 
something that has previously been created, the software then tests to see if that 
object is currently enabled for Drawmation. If it's not, then again there is no further 
action to take as far as Drawmation is concerned. 

[0185] If the object is enabled, then the software determines whether recording 
is occurring or not. If we're not recording then there is no further action to take from 
Drawmation's point of view. Except if we're in Demand Mode, in which case, we 
are automatically going to start recording. Note: The record Demand Mode provides . 
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for a user to left-click on an object and have this automatically place Drawmation into 
active record for that object. 
Figure 8: Mouse Move flowchart 

[0186] If system receives a mouse move event from the operating system, 
Drawmation looks to see if there's a mouse button pressed. If there isn't, then it's got 
no further action to take. If there is a mouse button down, it looks to see if anything 
has been picked up with the mouse. If there hasn't, then there's no further action to 
take. If the user has picked up something with a mouse, then the mouse moves are 
applied to that control and the result is broadcast to Drawmation. Drawmation 
receives the event and says: "am I recording?" If it is not, it will discard the move. . 
Otherwise, Drawmation looks to see if there is anything it needs to record. If there is, 
then that event is recorded and added to the history of the media for that control Note: 
In these figures, the words "object" and "control" are used interchangeably/ 
Figure 9: Mouse Release flowchart. 

[0187] On mouse release, a mouse release event is delivered to the system and , 
the system looks to see if there's anything previously picked up with the mouse. If 
not, then there's no further action to take: If there is a control picked up with the 
mouse, then the operation is performed on the object and the result of the operation is 
broadcast to the contexts. 

[0188] An example of an operation on a control would be the following: If a 
user clicks on a fader cap and then the user move the mouse down a distance of 10 
pixels, the fader object will calculate what 10 pixels means in proportion to its overall 
height and calculate a value change. The value property change is broadcast to all 
contexts, using a modify message, that have registered an interest in that type of 
message. 

[0189] If a context registers to receive message type with the Message Broker, 
in this case a modify message, then the Message Broker will deliver the message to 
all contexts that have registered to receive messages of that type. For example, the 
sound context and the record context are both interested in user adjustment to the 
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value of a fader, so both register to receive modify messages with the Message 
Broker. 

[0190] In Drawmation, when a message containing property information for a 
control is received, the context first tests to confirm that it js recording. If recording is 
enabled, Drawmation checks to see if it is recording property changes on this 
particular control and if the property type is currently valid for recording. Assuming 
all these conditions are met, the modify message is added to the Drawmation history 
for that control (written to the Media Layer). 
Figure 10: Replay Diagram 

[0191] : At the beginning of replay the recorded controls are 'reset' to the correct 
state from which replay can continue. Those controls, which are punched out at the 
replay start time, are hidden, and those, which are punched in, are shown. 
[0192] If replay is to start from the beginning of the session then everything is 
punched out 

[0193] If the replay start time is later than 0 milliseconds, a cache is used to 
record the state of controls at the replay start time in order to speed up the response 
time. Controls are reset from a single composite event in the cache, without the need 
to fast forward or rewind through their history. The event streams for separate 
controls are all reset to clear out any old data and then moved, without sending any 
information to the GUI, to the replay start time. 

[0194] The replay cycle begins when the user hits the DM play button. The 
controls on the screen that are part of the current Drawmation session are reset to 
their original position at the time that replay is scheduled to start. At the end of the 
Drawmation session, they are left on screen in whatever state they've ended up. So, 
at the start of replay they must be reset so that the property changes that were applied 
to them throughout the session make sense. 

[0195] If a user starts in replay from any time other than a few milliseconds 
from the very beginning, the Drawmation creates a cache of play information about 
each of the controls in the session which it uses to speed up its reset time; Also, at the 
beginning of replay, Drawmation resets all its event screens so that the accesses that 



the media at appropriate times for the replay start times. . .its position in the media to 
the replay start time. All of this is done,' if GUI update' s disabled so the user does not 
see the screen being shuffled. 

[0196] Contexts have the facility to programmatically disable screen updates. 
So, Drawmation sends a message to the GUI saying: "don't do any subsequent screen 
updates until I tell you otherwise." This enables Drawmation to move controls into 
different places on the screen, different sizes, different properties without the user 
. seeing lots of activity on the screen which the user wouldn't understand. So when the 
updates are enabled, the display is already in the correct state for the beginning of 
replay. 

Figure 11: start replay flowchart 

[0197] Figure 11 describes a sequence of events that occur when the user hits 
the DM play button. First the software disables screen updates. Then it hides all 
controls that are in the. current Drawmation session. The record context hides all the 
controls that are in the current Drawmation session. The Drawmation is then desiring 
to see what the replay start time for that session is. 

[0198] When a user first hits DM Play, all of the controls that have been 
recorded by Drawmation disappear for a moment until Drawmation sees what should 
be on the screen and then it's all put back. The screen is refreshed to show all of the 
objects in a Drawmation in the proper starting location, ready for the Drawmation to 
. be replayed. 

[0199] Drawmation looks at the current session start time and asks: "is it 
starting from the very beginning?" If it is, then it needs to set the current time of 
replay to zero, re-enable screen update, and tell the GUI that the controls are all in the 
correct state for replay to commence.; 

[0200] Enable screen updates enable the display to be redrawn with all the 
objects in their correct place for the start of the Drawmation session. If Drawmation 
replay is selected to start from the beginning of the session, at time zero, then there is 
nothing to show because all controls are punched out at time zero. In this case there is 
no further action to take after the controls have been hidden. 
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[0201] Then there is a handshaking strategy whereby the record context tells the 
GUI that it has finished reconfiguring the screen and only after receiving this message^ 
does the GUI instructs Drawmation to start the repiay timer. This enables the state of 
the Drawmated controls to be reset before replay starts, without having to account for 
the time the resetting process takes when calculating elapsed replay time. 
[0202] The user can select a replay start time other than zero by placing the play 
cursor on the timeline. When the user does this, Drawmation adjusts the drawmated 
controls in the current session to correct state for the corresponding time in the 
session, using the 

Fast-Forward or Rewind capabilities of the Stream Layer. 

[0203] Drawmation then requests an update, of all the drawmatable properties, 
for each control in the current session. Drawmation saves these update messages in a 
cache that corresponds to the start time selected by the user. When replay is restarted, 
if the current replay time is anything other than the start time selected by the user, 
Drawmation sends the update messages stored in the. cache. This resets the controls to 
their correct state, ready for the start of replay. Drawmation repositions the Stream 
Layers, used for replay, to the replay start time, without needing to calculate any 
intermediate state changes.' , 
[0204] If the User invalidates the cache by editing the current session, 
Drawmation recalculates the correct state for each control, 
[0205] Once the GUI is in the correct state for replay to start, Drawmation 
enables screen updates again. This forces the GUI to be redrawn with all the 
drawmated controls in the correct state. 

[0206] It creates the cache because it takes a finite period of time for the Event 
Layer to generate the necessary update messages that correctly set the state of each 
control for the replay start time. The time taken to reset the GUI is proportional to 
start time selected by the user. If the user selects a start time near the beginning of 
the Drawmation, there are fewer recorded property changes to take into account than 
if the user selects a start time nearer the end of the session. When Drawmation creates 
the cache, it is performing exactly the same process, but it is performed at a time 
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when the user is not actually trying to play the Drawmation. Therefore the user is 
much less aware of the delay in moving controls to their correct state at this time. 
Figure 12: normal replay flowchart. 

[0207] During replay, Drawmation receives events from either the operating 
system or from the Sound Context. These events are used to calculate the time that 
has elapsed since replay was started. The elapsed time, together with the replay start 
time, specify the time the Drawmation session should be replayed to,.for this event. 
So, when a user hits DM play, the start time is time zero plus wherever the play 
cursor was placed. . . 

[0208] "Play up to time X" is the entry point to the flowchart. Drawmation 
replays messages from the current session up to and including those with a timestamp 
of X. "time T equals current replay time." Time T represents the time the session was 
played up to on the last timer event. 

[0209] Drawmation adds one millisecond to time T. A millisecond is added 
because Drawmation is able to record time information with a granularity of one 
millisecond. Drawmation uses a millisecond during normal replay as its time 
increment in order to preserve the order of events between controls. 
[0210] The user can overlay multiple record passes on each media stream. 
Therefore it is possible to record property changes of different controls at the same 
time, with respect to the start of the Drawmation Session. These property changes 
may coincide with one another or at least occur within the same timer interval. In 
order to preserve the correct order of property changes on replay as on recording, 
Drawmation replays the property changes for each millisecond increment, replaying 
information for each drawmated control before moving onto the next millisecond 
increment. 

[0211] If the current time is 3 0 milliseconds and the next time interval that 
Drawmation is told to play up to is 40 milliseconds, Drawmation plays back all the 
property changes that were recorded at 31 milliseconds, then 32 milliseconds, then 33 
milliseconds, then 34 milliseconds, and so on, to 40 milliseconds. It does this on a 
per control basis. Drawmation selects the first control in the playlist, plays all the 



property changes for that control up to 3 1 milliseconds, then goes to the next control, 
plays all the property changes for that control up to 31 milliseconds. If Drawmation 
replayed all the events for the first control up to 40 milliseconds, it would be possible 
to replay a property change that was recorded at 39 milliseconds before a property 
change that was recorded at 3 1 milliseconds, on another control. The result is that a 
property change would be replayed out of sequence. 

[0212] Each time Drawmation iterates round loop it retrieves all the property 
changes up to time T. Each property change retrieved that matches the test criteria is 
sent to the Message Broker. If the property change relates to a fader in the GUI, the 
value of that fader is updated and the fader is redrawn to show this new value. 
[0213] The processing loop is terminated when Drawmation has iterated around 
the processing loop a sufficient number of times for time T to exceed the timer event 
time X. The current replay time is set to X. This completes the processing for the 
timer event. 

[0214] At this point, the state of the GUI is correct for the time that was passed 
in with the, timer event. If the sound context generated the timer event when it had 
replayed 30 milliseconds of audio data, then all the Drawmation data in the current 
session with a timestamp of thirty milliseconds or less up to 30 will have been 
delivered to the GUI. 

Figure 13: Fast Forward Replay Flowchart 

[0215] This is also referred to as self-adjusting replay. In fast forward, an 
update message is generated that sets the final state of the control at the end of a 
specified time interval. An update message is generated if property changes have 
been recorded that lie within the specified time interval (i.e., messages that have not 
been replayed during this replay cycle up to and. including the specified time to play 
up to). Drawmation generates an update message for each control, if there are 
property changes to replay at this time. 

[0216] Fast-forward is selected when the user clicks on the replay cursor with 
the mouse and drags it to the right (later in time), or Self- Adjusting is enabled from 
the Info Canvas of the DM Play switch. 
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[0217] Fast-Forward replay is considered self-adjusting because when using 
Fast-Forward, Drawmation attempts to send the minimum number of events that 
apply to the time interval as specified by the timer event. This minimizes the 
processing requirements of the system. Under conditions of heavy load, the demands 
placed on the processor may exceed that which it is capable of. This can arise if there 
was minimal system activity when the Drawmation Session was recorded and during 
replay there are other applications that require a share of the available processing 
bandwidth. Alternatively, the user may be replaying the Drawmation Session on a 
machine with less processing bandwidth than the machine on which the session was 
recorded. If the processor cannot keep up with the demands of Drawmation, the timer 
event is delayed until the processing from the previous event is completed and the 
resulting timeout period is longer than expected. The number of property changes to 
replay in this period is likely to be greater then in the interval that caused the 
processor overrun, in which case the processing demands are likely to be even more 
severe. In Fast-Forward mode, Drawmation sends only one event per control for each 
time interval no matter how long the requested interval. This gives the processor the 
greatest chance of 'catching up' with the requested replay rate. 

[0218] Referring to Figure 13, this flowchart is much simpler than the flowchart 
for normal replay. Again, Drawmation receives a timer event that specifies the time 
that Drawmation should play the current session up to. Drawmation then iterate? 
through the controls in the session, constructing a single update message that 
represents the end result of all the events that were recorded for that time period, for 
the control. This update message then sends the update message event to the Message 
Broker (and ultimately the GUI). 

[0219] "Is there another control history." Once Drawmation has iterated 
through all controls in the current session, the current time is set to the time specified 
in the timer event. 

[0220] Timer events are generated from a system interrupt (provided by the 
operating system) or from the Sound Context. The interrupt provided by the operating 
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system is subject to delays due to processor load. The Sound Context obtains timing 
information directly from the sound hardware. 

[0221] An example of "adding the properties to composite events" would be as 
follows. If in the time period 15 changes in position were recorded. All that is 
required is to send the last position that the control is moved to for this time period. 
There is no need to move the control through the individual changes when all that is 
required is to move the control to the position it should be at the end of the time 
period. 

[0222] Then, "was an event found?, no". Then, "is there a composite event?" 
In other words, has the Drawmation encountered any event during this interval? If it 
hasn't, there's nothing to send. 

[0223] The update message is a single message that contains a number of 
property values. One message can send, you can tell the GUI to change a control's 
color, value, position, or any of the Drawmatable properties can be set this single 
event. This is just one message to transport between Drawmation and the GUI. 
[0224] Figure 14: Rewind Replay Flowchart 

[0225] In rewind, it is the reverse of the recorded property change that must be 
replayed, in order to place the control into the state it was in before the user operated 
the control. 

[0226] An update message is generated that specifies the previous state of any 
properties for which changes have been recorded. This is performed on a per-control 
basis. , 

[0227] Property changes are retrieved in reverse order, starting at the current 
..- /■ ' .... 

time. First, an update message is constructed that identifies all the properties that 

were changed during the time interval. The previous state of those modified 

properties is determined by searching further back through the list to find the previous 

time that the property was set. 

[0228] One optimization that is used for the most common property changes in 
response to mouse moves (as opposed to updates that are taken on mouse button 
clicks) is to record both the previous and the new property value so that when 
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rewinding there is no need to search backwards though the list of events to find the 
previous property state. 

[0229] : Referring to Figure 14, the user clicks down on the play cursor on a 
timeline or a play rectangle and drags the play cursor earlier. In response to each 
mouse event that this generates, the timeline or play rectangle calculates a time 
interval that this mouse movement represents and then subtracts that from the 
previous time that was shown on the timeline. This time is then sent to Drawmation 
which rewinds the current session to this new time. The flowchart describes that 
rewind mechanism. At the top of the flowchart you see the entry point where the 
time to rewind to is delivered to Drawmation. 

[0230] "Is there another control history?" This is the entry point to the loop 
where Drawmation iterates through all the controls. in the playlist. "Yes, there is • - 
another control for which we haven't processed this time interval for". And then go 
on to get next control history. That control is selected from the list. "Get previous 
event to replay". This retrieves the event from the media and compares it to the time 
it's rewinding to. If that time is later than the time it's rewinding to, this is a valid 
event to replay. ,:' ; 

[0231] In the same way as when you play forward, events are read from the . 
event history for that particular control, except this time we're working through 
reading earlier in the list, towards the front rather than towards the end of the list 
[0232] "Was an event found that corresponds to this time interval?" If yes, then ; 
the property or properties that this event modifies is built into or added to a composite 
event which is exactly the same as the composite event that is used in fast forward. If 
a previous value is available in a modify message, then this value is placed into the 
composite event. 

[0233] Drawmation then looks to see if there are any further events that apply to 
this particular time interval by looping back to the get previous event to replay stage. 
This loop is iterated around until there are no further events read from the media that 
fall into this time frame. 
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[0234] ' Drawmation then transitions to "is there a composite event?" If no 
events were found that apply to this time interval, then there will not have been a 
composite event constructed. 

[0235] "Is there a composite event, yes. Count how many properties defined." 
The Drawmation examines the composite event and determines how many properties 
it needs to determine what the previous values were for - in order to put the control 
into the state it was before these events occurred during recording. It then marks the 
position in the history. Drawmation remembers where it was in the history for this 
control so it can revert to this position once it has found - once it has searched earlier 
in the list to find previous values. It then examines the count to see how many 
properties it needs to find. And then we test "is there another previous property to 
refind to queue the start of our loop for searching backwards in the list." 
[0236] "Is there another previous property to find, yes". Then, "get previous 
event to replay ." The next event earlier in the history of this control is read from the 
media and examined. "Was an event found?" Drawmation looks to see what type of 
message was recorded for the control. "If yes, does this event contain any 
outstanding properties?" Did the property change of that event we just read 
correspond to any of the properties that we're trying to find when searching 
backwards through the list. Yes is the downwards path. So we overwrite set previous 
state in composite event, and we update the composite event with this value we have 
just read from the history. We then move across to "Reduce outstanding property 
count." That decrement the count accordingly depending on how many events were 
. in the event message we read from the media and then we move back to the start of 
the loop where we test "is there another previous property to find?" 
Play Cursor Movement 

[0237] The user can manually move through the Drawmation by placing or 
dragging the timeline cursor. 

[0238] Blackspace provides a navigational tool for navigating around 
Drawmation. This is called a timeline. A timeline can either be presented as a linear 
timeline or as a play rectangle. This timeline shows the time relative to the 
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Drawmation session and shows a play cursor which indicates the current point in the 
Drawmation session that we have reached. The user can click the mouse on the play 
cursor and either move the play cursor earlier, therefore rewinding through the 
Drawmation, move the play cursor later, therefore fasf forwarding through the 
Drawmation, or click on an entirely different place on the timeline, thereby jumping 
directly to that time in the Drawmation. When the user places the play cursor, the 
Drawmation moves in a single step to the new time, either going forwards or 
backwards. When the user drags the play cursor, the Drawmation moves to the new 
time in incremental steps based on the. speed of the mouse movement as translated by 
the timeline into time intervals. 

[0239] The way that the system is self-adjusting in this case is that the faster 
you move, the faster the user drags the mouse, the greater distance is moved between 
each mouse event as delivered by the operating system. Distance is directly 
translated to time by the timeline. -Time is proportional to distance. 
Figure 15: Placing the Cursor Flowchart 

[0240] When the user places the play cursor, the Drawmation jumps to the new 
time, using fast forward or rewind replay. 

[0241] The replay start time is set to the time specified by the cursor. 
[0242] See "place play cursor flowchart". 

[0243] The state of all controls in the Drawmation is taken and placed in a 
cache for use at the start of replay. \ ■ ■ 

[0244] Figure 15: "Place play cursor." This is the action of the user clicking on 
the timeline away from the current play cursor position. "Calculate equivalent time 
acts." The timeline determines what the new time for the session should be and 
passes this to Drawmation. "Is this past the end of the current session?" Drawmation 
examines the time and compares this to the current session information. If this time is 
later, it take the "yes" branch, and then expands the session to match the new time 
that the user placed the play cursor down for. Since the user has moved the time on 
the timeline past the end of the current session, all controls must be punched out at 
this time. Therefore, Drawmation needs to hide all the controls in the session and 



then exit the flowchart. "Is this past the end of the current session?" - No. 
Drawmation fast forwards to the new time, and then makes a cache. Drawmation 
takes a snapshot of the state of all the controls in the Drawmation and saves this for 
future use when going back to the start of replay. This terminates the other branch of 
the flowchart. 

[0245] When the user clicks the mouse on the timeline or play rectangle away 
from where the current play cursor is, the timeline moves the play cursor to this new 
position and calculates what time this is equivalent to based on its current scaling. 
Figure 16: Make cache flowchart 
[0246] Dragging the Cursor 

[0247]. When the user drags the play cursor to a new position, the Drawmation 
is played (forwards or backwards) to match the new time. If the user drags the mouse 
very quickly then the change in mouse position will be relatively large between 
mouse events (from the operating system), and if the mouse is dragged slowly, the 
change in mouse position will be small. Each change in position represents a time 
interval on the timeline. The Drawmation is played or rewound to the new time using 
composite events for each control, one per time interval. 

[0248] Dragging the Cursor. The user can downclick with the left mouse 
button hovering over the green play cursor on the timeline and then drag the play 
cursor to either earlier up until the start of the session or later past the end of the 
session. Drawmation will either replay or rewind to keep pace with the user's 
interactions by the mouse. Effectively, the user is scrubbing backwards and forwards 
through the Drawmation session. The user's movements are translated into time 
events based on the distance between mouse events. The distance between mouse 
events is directly proportional to time. The faster the user drags the mouse, the 
greater the distance between mouse events; therefore, the bigger the steps in the 
Drawmation session. 
Playbars 

[0249] Playbars are used to provide a graphical representation of the recorded 
history of property changes on a control. 
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[0250] Playbars reflect when the control is punched in. While a control is 
punched in, transactions can be recorded. Transactions are only recorded while the 
control is punched in. 

[0251] Playbars are a graphical representation of the control history in a 
Drawmation session. They are used for two purposes: firstly, they show when the 
control is punched in and punched out; and secondly, they show the individual 
transactions that have been recorded on a control whilst recording was enabled. 
Playbars show transactions rather than individual events in order not to swamp the 
user with information and provide the information to the user in a manageable form. 
[0252] . The transaction is all that is involved from the down-click of the mouse 
button to the upclick of the mouse button. It may involve a mouse drag during the . 
transaction. . 

[0253] A transaction is different from an event in this regard. Events occur 
with a one-to-one relationship between mouse moves and mouse operations or < 
keyboard entry. Transactions are started on a mouse down-click and are terminated 
on a mouse upclick. 

[0254] If the user down-clicks on a fader cap that begins the transaction. The 
user continues to hold the mouse button down and drags the fader cap up and down. 
This causes movement of value change events to be delivered to Drawmation as part 
of the same transaction. Upon the user releasing the mouse button, the transaction is 
terminated. 

[0255] The playbars show transactions to the user in order to provide the 
information in a manageable format. The playbars summarize the Drawmation 
history so that it is easily manipulated by the user and the user can relate the 
transaction to the interactions that the user has. The user does not think in terms of 
individual mouse events. The user thinks in terms of down-clicks and moves. 
Playbars are showing the transactions and the GUI is receiving all the events. 
Punch In and Punch Out 

[0256] During the replay of graphical properties, a control is visible when it is 
punched in. In the general case, a mouse press on a control during recording of 
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Drawmation punches that control in (if recording is enabled on that control) and the 
mouse release punches the control out. 

[0257] During the replay cycle in which history is recorded for a control, the 

control is automatically punched in during each record pass. 

[0258] ' A control can only be recorded when it is punched in. Punch in is 

reflected on the playbar by the presence of the playbar. If there is no playbar visible 

at the current event in time, then the control is not visible and is punched out. 

Transactions 

[0259] Playbars are also used to represent the operations on a control. For 
example, a single Playbar could represent a single continuous movement of a control. 
If there was a long pause during the movement, then the system would automatically 
split the movement into three separate sections (move, pause, move) and show each 
as a separate Playbar. 

[0260] Playbars represent transactions in order to give the user a coarse 
representation of the events recorded by Drawmation, Under normal circumstances, . 
playbars show where the user down-clicked, and where the user up-clicked.- As an 
additional convenience, if the user pauses during a movement for more than one 
second, the Drawmation interprets that as a pause and creates a separate transaction* 
for the pause, effectively splitting the movement into two separate playbars. If the 
user punches the control in, then down-clicks to begin a movement, does a move, 
pauses for a second, does another move, up-clicks, and punches out by stopping 
recording, you will see five playbars. The first playbar is the static portion at the 
beginning of the recording when the control was punched in -but not moving. The 
second playbar is the first period of movement. The third playbar is the static period 
of movement during - the static period representing the pause. And the fourth 
playbar is the second period of movement. The fifth playbar is the static period after 
the user has released the mouse before the control was punched out by stopping 
recording. 
Editing 

[0261] Drawmations are edited using a combination of the following tools: 



• recording over old previously recorded events 

• adjustment of Playbars using the timeline 

• menu commands for specific functions 

• Overwriting \ 

• Playbar Adjustment 

[0262] Let's use the previous example. There are five playbars and a user 

moves one of them. Let's say the user moves one of the motion playbars that 
represents moving the object. What is going on in the software to account for the fact 
that the playbar is being moved and it automatically edits the action? 
[0263] Drawmation enables or allows the user to edit the Drawmation session 
by providing playbars on the timeline. When the user grabs or clicks down on a .. 
playbar and adjusts it using the mouse, the Drawmation applies a set of rules to 
•control how that Drawmation is edited. These rules are implemented by the timeline 
so that the user sees what will result from the edit before the user release the mouse. 
When the user release the mouse, the edit is connected to Drawmation and 
Drawmation replicates what the timeline - what was shown on the timeline. There 
are a number of modes that can be used here: there's static, shuffle, static shuffle, 
stretch, stretch shuffle and shuffle all. In static mode, the playbar events within a 
playbar are not adjusted. In stretch mode, the events within a playbar are preserved. 
[0264] So, if the user shortens or extends the playbar, the timing of the events 
within that playbar are extended and contracted proportionately. For example, if the 
user statically shortens a movement playbar, the movement will be truncated because 
the user has punched out the control at the point where the static playbar - and if the 
stretch mode was on when the user adjusted a movement playbar by dragging either 
of the endpoints, no data would be lost because the movements would either be 
compressed or expanded to match the required segment length. If the user contracts 
or extends a playbar to introduce a gap that is visible on the timeline, the Drawmation 
automatically punches out the control for that period of time, as represented by the 
gap between the playbars. The rules that Drawmation follows are exactly the same as 
those for timelines for playbars adjustment. 

[0265] The additional work that Drawmation does is to insert or punch out the 
control when gaps open up in the playbars. In addition, when shuffle all is selected, 
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Drawmation performs the shuffle operation on all controls in the play list, not just 
those currently selected for viewing on the timeline. 

[0266] The user has three means of editing Drawmation history. The user can 
record over the top of something that has been previously recorded. The user can 
adjust playbars to change relationships between the history of individual controls and 
there are a number of specific functions that can be invoked from menu options in the 
Info Canvasses of individual controls. 
Set DM Geometry 

[0267] ; , Figure 1 7 illustrates the changes in dimension that occur and the 
dimensions that must be accounted for when using the "Set DM Geometry" option in 
Info Canvas for graphic control when editing the previously recorded movements on 
those controls. In the example shown, we are using the image of a red star which has 
been cropped from an original picture that had a large black background surrounding 
the star. • 

[0268] The red star image has been cropped to the image represented by the 
blue square surrounding the red star. The* important dimensions - or the most 
important dimension - is the top left corner of the red rectangle which represents the 
old origin of the picture. Any subsequent images in the Drawmation that relates to 
this red star all use this same origin, whatever the position of the red star in the 
individual pictures. Drawmation maintains this original position when replaying 
images in order to keep the replay consistent with what the user would see if the 
entire - the full size images - were replayed. 

[0269] When accessing the DM geometry, it is possible to rescale the images 
and reposition the images within a Drawmation. When testing with the DM 
geometry, the user is specifying the new origin and the new scale as if the full size 
images had been adjusted. The dimensions shown of the red rectangle in the bottom 
right of Figure 1 7 demonstrate the changes in the dimensions which Drawmation 
must account for when adjusting the recorded information. It's important to note that 
not only is the size of the cropped image scaled, the offset - the origin - the adjusted 
origin are also scaled. On replay, the Drawmation replays the individual images as if 
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the full size images had been recorded at this scale. There is additionally a slightly 
simpler option to the user wherein instead of scaling, the user just sets the origin of 
the images to use which allows the user to create an animation and reposition that 
animation with respect to other information recorded in the Drawmation session. 
Set DM Origin 

[0270] Set DM origin is achieved by the user positioning the control at any 
point in the Drawmation session. So it's not replaying. So by dragging the play 
cursor or placing the play cursor to make the image visible on the screen and then 
dragging the control - it doesn't necessarily have to be an image - any of the controls 
thaf are recorded by Drawmation can be used with this option - to the required N 
location, what the user is doing, is the user is specifying the position that the 
beginning of the Drawmation that that control will use. So, not only is it the origin in 
terms of XY coordinates, it is always the starting point for the Drawmation history for 
that control. So, all subsequent movements will be based on the control being in that 
position when Drawmation begins. Drawmation iterates through all the recorded 
history for that control and it calculates the displacement required - or the delta it 
needs to apply - to each positional property change with respect to the difference 
between the old origin in Drawmation and the new origin. So,: all movements appear 
to start from the new position when the Drawmation is replayed. 
Looping play bar segments in a Drawmation session. 
[0271] Every Drawmated object (an object that has been recorded in 
Drawmation) can have one or more play bar segments that belong to it appear along 
one or more linear time lines and/or one or more Play Rectangle timelines (PR). 
[0272] Figure 1 8a illustrates three play bar segments for a Drawmated star. 
Play bars are a graphic representation of the information that Drawmation holds about 
an object. This information is divided up into segments, each segment representing 
some particular condition in Drawmation for that object. 

[0273] Figure. 1 8a shows a blue star that appears onscreen and is then dragged 
to the right a certain distance where it remains for some period of time. The first play 
bar segment for this star starts when the star first appears and ends when the star starts 
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moving. This section (segment) of the playbar is described as "static." The object is r 
shown and is visible but is not moving. 

[0274] The second segment shows the time that the object commences moving 
until the time it stops moving. This is referred to a moving or moved segment. The 
third segment, which is again a static segment, commences when the object stops 
moving and extends until the time it disappears from onscreen or until the end of the 
Drawmation. 

[0275] Referring to Figure 18b, the Control Key (Ctrl) 39 is held down and the 
first 33a and third 33c segments of the blue star are left-clicked on to select them. 
Then a recognizable graphic object 37, which is called a loop, is drawn such that it 
intersects the timeline. 

[0276] Referring to Figure 1 8c, after the software recognizes the loop 37, a 
switch 38 appears adjacent to the loop. On this switch is a text cursor. The user then 
types a number on this switch that equals the number of loops that are to be 
performed. Let's say the number 10 is typed on this switch. Then when the switch is 
touched, the software will build ten loops that start from the first selected play bar 
segment 33a and end with the third selected play bar segment 33c. This will be 
repeated 10 times. Then when the DM Play switch is turned on, this loop will cause 
the blue star to move across the screen and then move back across the screen 10 more 
times. At then end of the last loop, the Drawmation will continue to play in its 
normal fashion. 

[0277] The process of recognizing a drawn loop as a loop control is now 
described with reference to the flowchart of Figure 22. The process begins by 
recording the user input. Next, the recorded user input is tested to determine whether 
the user input is a mouse/pen "drawn" input. If no, then loop control is not 
recognized. If yes, then a determination is made whether the user input is recognized 
as a "half arrow", i.e., a line drawn with half of an arrow head. If no, then again loop 
control is not recognized. If yes, then portion of the recorded user input(s) that is 
recognized as a half of an arrow head is excluded. 
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[0278] Next, a determination is made whether the remaining recorded user input 
is recognized as an ellipse. If no, then loop control is not recognized. If yes, then 
loop control is recognized. 

Figure 19: Using the blue "sequence" arrowlogic to create a film from a collection 
of images. 

[0279] . The first set from the flowchart indicates what the user would do in 
order to invoke this operation. Starting at the top, user opens picture file browser. 
The user types P on the screen and then hits escape and that brings up the picture file 
browser. The user, navigates to the directory which contains the pictures the user 
wants to crop. The user selects the color blue in an inkwell and turns on the arrow 
mode and then draws an arrow from the folder to Blackspace. When this arrow is 
recognized by the software, its arrowhead will turn white. The user then draws a 
modifier arrowTrom Blackspace across the shaft of the first arrow ending in 
Blackspace. As an alternate, this arrow can intersect the first arrow's shaft or the tip 
of this second arrow can point to the first arrow' s shaft or this second arrow' s shaft 
can originate from the first arrow's shaft. 

[0280] When the modifier arrow is drawn and recognized by the software, two 
things happen: a text cursor automatically appears at the tip of the modifier arrow and 
the tip of the modifier arrow turns white. The user then types "film" as a modifier at 
the tip of the second arrow where the text cursor has appeared. The user may also 
specify a frame rate at this point. Otherwise a default frame rate of 1 5 frames a 
second is used. To specify a frame rate, the user could type "film, 30". This would 
mean create a film that has a rate of 30 frames per second. 

[0281] When the user clicks on the white arrow head of either arrow, control is 
passed to Drawmation and the remainder of the flowchart illustrates the process that 
, Drawmation follows. Is there a Drawmation currently loaded for editing? If the film 
is to be added to existing Drawmation, there is no need to create a session. What 
Drawmation does if it takes the yes branch is to get current replay times so 
Drawmation determines where the play cursor is currently positioned and inserts the 
film into existing Drawmation at that point in time. If it takes the no branch, a new 
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session is created and a start time for the film is set to zero because there's no other 
data to correspond to. Create picture control using search selected picture file takes 
the first file name ks specified in the list of pictures selected by the user with the 
arrow and creates a picture control using this file name for the image in which the 
picture control is going to show. This picture control is then recorded as the first 
event of the control history for the picture in Drawmation. 

[0282] We then enter the main processing loop which deals with the remaining 
pictures selected by the user. Have all selected picture files been used? This tests to 
see if there are any remaining files in the list selected by the user which have not been 
included in Drawmation. If the answer to this is no, Drawmation gets the next 
selected picture file, and.it loads the image of this picture file, although this is not 
displayed to the user. Drawmation requests a new transaction for the picture control, 
which forces a new play bar to be created to represent the new image. 
[0283] "New Drawmation transaction" means that when you show the 
completed film on a timeline, you get a play bar for each frame. Each play bar 
represents a transaction. A play bar for each picture is represented along the timeline 
in a single playbar row. Drawmation pretends that the user down-clicks, selects a 
picture to be inserted into the frame at that point, and then up-clicks to create a new . 
transaction in Drawmation. Using the loaded image, Drawmation calculates the 
geometry of the picture control as it would appear in the film. Drawmation constructs 
an update message with a file name and geometry. These include the file name, 
picture to display, and the geometry of the picture which specifies its width, height 
and top left coordinates. Calculate frame time stamp determines when this frame 
should appear relative to the start of the film, recorded in Drawmation, the composite 
event is stored and added to the control history for that control and Drawmation goes 
around to the beginning of the loop again to "have all selected picture files been 
used? " After going through this loop processing all the files in the list, the end result 
is a yes and the film has been created in Drawmation. 
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Figure 20 illustrates the creation of a film using the blue "sequence" arrow. 
[0284] After typing a P in Blackspace the Picture Files VDACC 41 appears. 
The user navigates to the list of images 40 that the user desires to create a film with. 
The user then draw a first arrow 42 that either intersects the Picture Files VDACC or 
starts within a default gap of the VDACC (usually l/4 th inch). When the tip of the 
first arrow turns white 44, a second arrow 43 is immediately drawn. When this arrow 
is recognized by the software-two things happen: (1) the tip of its arrowhead turns 
white 44, and (2) a text cursor 45 appears adjacent to the white arrowhead. 
[0285] ' When the user left-clicks on either white arrowhead, the film is created. 
This means that each image in the list intersected by the blue arrow is played in 
sequence at a default frame rate or at the frame rate determined by the user. 
[0286] Figure 21: Cropping images with the drawing of a blue (sequence) 
arrow. 

[0287] The first steps in the flowchart indicate the actions the user performs in 
order to invoke this operation, and the remaining steps indicate the processing that 
Drawmation follows in order to implement this on behalf of the user. So the user 
opens picture file browser by typing P and then escape in black space. The user 
navigates to the required directory containing the pictures the user wishes to crop. 
The user selects the pictures the user wishes to crop by drawing a blue arrow from the 
directory onto black space. The user then draws a modifier arrow which starts from 
black space, intersects the shaft of the first arrow and ends in black space. 
[0288] The user types "crop" on the modifier and hits the white arrowhead. At 
this point, control is handed over to Drawmation. Is there another picture, file in the 
list? This is the entry point to the loop that Drawmation follows in order to process 
each file in the list as provided by the user. Load image. Drawmation loads the first 
image for the first file in the list. Calculate the background color. Drawmation 
determines what the background color is by examining all four corners of the image. 
Drawmation then makes all pixels in the image that match the background color 
transparent. It does this by creating an alpha mark that matches those pixels in the 
image with the background color. Calculate the minimum rectangle containing all 
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visible pixels. Drawmation then examines the resultant image to see what is the 
smallest rectangle that found all the pixels that have non-transparent data. Save the 
portion of the picture bounded by the rectangle to a new file along with the 
dimensions of the top left corner with respect to the original picture. Drawmation 
extracts just the portion of the image bounded by the minimum rectangle and saves it 
to a separate file with a new file name that allows the image to be uniquely identified. 
The flowchart then transitions back to "Is there another picture in the file list?" 
Drawmation iterates through the file list until there are no more files and then exits. 
[0289] When the software crops an image, the file name that is used is the 
original file name with the x and y dimensions of the cropping added to the file name. 
These dimensions are the delta between the new top left corner of the image and the 
original top left corner of the image. However, the original file name with the x and y 
dimensions of the cropping may be saved internally in the image rather than in the 
file name. . 

[0290] Summary statement: Blackspace uses principles of having lines * 
represent time spans in an environment that is controlling a general graphic 
environment. All media can be represented by the same type graphical playbars and 
the editing of these playbars is the same for audio, video, Drawmation, etc. Any 
graphical object can be represented by playbars. 

[0291] ;■■ Although specific embodiments of the invention have been described 
and illustrated, the invention is not to be limited to the specific forms or arrangements 
of parts so described and illustrated. As an example, the invention may be used to 
clean and/or grow an oxide layer on an object other than a semiconductor wafer. In 
addition, the desired reaction may be a reaction other than oxidation using a gas other 
than ozone. The scope of the invention is to be defined by the claims appended 
hereto and their equivalents. 
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